Instillation of pilocarpine-induced a miosis in a rabbit. In an isolated iris sphincter muscle of rabbit, pilocarpine induced a small contraction and behaved as an antagonist of carbachol. The contractile response of an isolated rabbit dilator muscle to a field stimulation was inhibited by pilocarpine.
Introduction
In a physiological sense, pupil size is autonomically controlled by the sphincter muscle surrounding a pupillary edge of the iris and dilator muscle running radially on the iris. It is generally accepted that the sphincter is innervated by excitatory parasympathetic cholinergic and that the dilator is innervated by excitatory sympathetic adrenergic nerve fibers (Loewenfeld, 1958) . The quasirectangular organization of either muscle array and the reciprocal stimulation of either autonomic nerve enables the pupil size to be controlled subtly. Parasympathomimetics such as pilocarpine and carbachol are widely used as miotics. Pilocarpine contracts the sphincter muscle preparations of various animal species, for example, human, bovine and cat (Takayanagi and Hisayama, 1992 ) but induces only a very small contraction in the rabbit iris sphincter muscle (Akesson et al., 1983; Ohara, 1977: Takayanagi and Hisayama, 1992) . Therefore, the fact that the rabbit sphincter muscle was contracted by pilocarpine would be difficult to explain the pilocarpine-induced miosis. In this paper, we studied a most possible mechanism for the pilocarpine-induced miosis in the rabbit. (Table  1) .
Discussion
The present results confirmed that the instillation of clintical dose of pilocarpine induces miosis in rabbits. It is, however, difficult to explain pilocarpine-induced miosis in the rabbit by only contraction of iris sphincter muscle by pilocarpine, since the maximum response to pilocarpine was very small (Akesson et al., 1983; Ohara, 1977; Takayanagi and Hisayama, 1992 ; the present results)Pilocarpine acted as rather antagonist of carbachol, this is, atropine like drug in the rabbit sphincter muscle(the present results). This atropine like action of pilocarpine is considered to be due to less density of muscarinic cholinoceptors in the rabbit sphincter muscle as discussed on atropine like action of pilocarpine in the rabbit ciliary body (Konno and Takayanagi, 1985; 1986) . Further, the contractile response of the dilator strip to norepinephrine was not influenced by pilocarpine. Therefore, the decrease of a tonus of iris dilator muscle due to the prejunctional inhibition of norepinephrine release from the adrenergic nerve is considered as a most possible mechanism for the pilocarpine-induced miosis. Fuder et al. (1989) reported that muscarinic M2 receptors mediate the prejunctional inhibition of norepinephrine release in rat or guinea pig iris. In the present study, the contraction of dilator strip induced by electrical stimulation was inhibited by pilocarpine. This inhibitory action of pilocarpine was competitively antagonized by atropine. The pA2 value of atropine estimated in the electrically stimulated dilator strip was in good agreement with those in organs which contain muscarinic cholinoceptors predominantly. Furthermore, atropine antagonized the inhibition by pilocarpine of norepinephrine release evoked by electrical stimulation in the dilator strip. Therefore, a following explanation is proposed as the most possible mechanism for pilocarpine-induced miosis in the rabbit. Norepinephrine released spontaneously from the adrenergic nerve in the dilator muscle interacts with postjunctional criB-adrenoceptors (Takayanagi et al., 1992a) to keep the suitable tonus of the iris dilator muscle. Pilocarpine activates the prejunctional M2-cholinoceptors to inhibit norepinephrine release from the adrenergic nerve. Thus pilocarpine decreases tonus of the dilator muscle and induces the miosis (Fig. 5 ).
